Abstract Celiac disease (CD) is associated with both lymphoproliferative malignancy (LPM) and increased death from LPM. Research suggests that co-existing autoimmune disease may influence survival in LPM. Through Cox regression we examined overall and cause-specific mortality in 316 individuals with CD?LPM versus 689 individuals with LPM only. CD was defined as having villous atrophy according to biopsy reports at any of Sweden's 28 pathology departments, and LPM as having a relevant disease code in the Swedish Cancer Register. During follow-up, there were 551 deaths (CD: n = 200; non-CD: n = 351). Individuals with CD?LPM were at an increased risk of death compared with LPM-only individuals [adjusted hazard ratio (aHR) = 1.23; 95 % confidence interval (CI) = 1.02-1.48]. However, this excess risk was only seen in the first year after LPM diagnosis (aHR = 1.76), with HRs decreasing to 1.09 in years 2-5 after LPM diagnosis and to 0.90 thereafter. Individuals with CD and non-Hodgkin lymphoma (NHL) were at a higher risk of any death as compared with NHL-only individuals (aHR = 1.23; 95 % CI = 0.97-1.56). This excess risk was due to a higher proportion of T cell lymphoma in CD patients. Stratifying for T-and B cell status, the HR for death in individuals with CD?NHL was 0.77 (95 % CI = 0.46-1.31). In conclusion, we found no evidence that co-existing CD influences survival in individuals with LPM.
Introduction
Celiac disease (CD) occurs in about 1 % of the Western population [1] . It is an immune-mediated disorder triggered by gluten exposure in genetically sensitive individuals [2] . Although CD was first regarded as restricted to the small intestine, it has now become evident that it also affects extra-intestinal organs. CD has been associated with both autoimmune disorders (such as type 1 diabetes) [3] , and nonautoimmune complications, including adverse pregnancy outcome [4] , tuberculosis [5] , and excess mortality [6] .
One of the main complications in CD is cancer, both any cancer [6, 7] and more specifically lymphoproliferative malignancy (LPM) [8, 9] . Relative risks have typically varied between 1.2 and 1.4 for any malignancy [6, 7, 10, 11 ] and 2-6 for LPM [6] [7] [8] [12] [13] [14] [15] [16] [17] [18] . The largest study to date reported an overall hazard ratio (HR) for LPM of 2.82 [95 % confidence interval (CI) 2.36-3.37] [8] , decreasing to around 2 beyond the first year of follow-up. The highest relative risks for LPMs in CD are usually seen for nonHodgkin lymphoma (NHL). NHL is also a common form of cancer in non-celiac inflammatory conditions, including rheumatoid arthritis, systemic lupus erythematosus, and Hashimoto's disease [19] .
LPM is the most common form of hematological malignancy, accounting for about 5 % of all cancers in the USA. While demographic factors, age at LPM diagnosis, and disease characteristics (e.g., malignancy stage and tumor location) influence the prognosis of LPM, it is unclear whether co-existing CD can affect survival in LPM.
There is evidence that patients with an earlier diagnosis of an autoimmune disease (rheumatoid arthritis) have better survival in NHL than individuals without rheumatoid arthritis (but higher death rates from causes other than NHL) [20] . In contrast, another study of individuals with a diagnosis of rheumatoid arthritis before cancer diagnosis found poorer survival in patients with rheumatoid arthritis [21] . Some data suggest that autoimmune disease may influence survival in individuals with other subtypes of LPM than NHL (e.g., Hodgkin's lymphoma) [22] . Interestingly, patients with a small intestinal adenocarcinoma in the setting of CD have improved survival compared with those without CD [23] . Low Hb [24] and low albumin [25] are common characteristics of CD, and have been associated both with lower survival rates in CD [26, 27] , and in LPM [28, 29] . We therefore hypothesized that celiac patients with LPM had a lower survival rate than non-celiac patients with LPM.
We linked nationwide data on biopsy-verified CD to data from the Swedish Cancer Register, the Total Population Register, and the Cause of Death Register. We then estimated the survival of LPM individuals in relation to CD status.
Methods

Study participants
Data on small intestinal biopsy reports were collected in 2006-2008. The biopsies had been performed in and later examined at one of Sweden's 28 pathology departments. CD was defined as having villous atrophy (VA, equivalent to Marsh stage III) [30] on biopsy. We did not require a positive CD serology for the CD diagnosis; however, 88 % of a random subset of individuals with available data on CD serology were serologically positive at time of biopsy [24] .
IT personnel at each department of pathology searched computerized biopsy report databases and then delivered data on biopsy date, personal identity number of the patient [31] , morphology according to the Swedish SnoMed classification (see ''Appendix''), and topography (duodenum and jejunum). Because we limited our search to computerized data, most individuals in this study had been biopsied since 1990 (85.1 %). Details on the data collection procedure have been published elsewhere [24, 32] .
In the current study we used the same cohort (n = 29,096) as in our ''parent study'' on mortality in CD [32] . Each individual with CD was matched with up to five reference individuals from the Total Population Register. Matching criteria included sex, age, county, and year of biopsy (reference individuals: n = 144,522).
Cancer data
Data on cancer were obtained through the Swedish Cancer Register [33] . This register was established in 1958. About 99 % of all malignancies are morphologically verified and almost 100 % of malignancies are reported to the Swedish Cancer Register.
We Through linkage to the Swedish Cancer Register, we identified 1,005 individuals with LPM before the end of the follow-up (CD: n = 316; individuals: n = 689).
Statistics and analysis plan
We estimated the risk of overall death and death from LPM using Cox' regression models. The time-scale of analysis was time since LPM diagnosis. Because the parent study [32] included CD individuals enrolled at biopsy date and matched controls that were alive at the corresponding date, the model allowed for staggered entry, i.e. individuals with a prevalent LPM diagnosis at entry of the parental study started their follow-up at the corresponding time since LPM diagnosis. Follow-up ended at date of death, emigration, or end of study, whichever occurred first. The proportional hazard assumption was investigated by assessing the HRs according to time since LPM diagnosis, and given the presence of non-proportionality we calculated both overall HRs and time-specific HRs (B1 year; 1[ to B5 years, and [5 years). HRs were also adjusted for sex, age at LPM diagnosis, subtype of LPM (NHL vs. non-NHL), calendar period, socioeconomic position and education. The adjusted survival curve was standardized to the covariate distribution for the CD individuals and was estimated from the cumulative hazard function in a Cox' regression model with separate base-line hazard functions for CD and controls. Different base-line hazard functions were applied only when estimating the survival curves and the reason for that was to allow the data to display the suggested non-proportionality of the CD-effect, with a more pronounced risk difference in the first years since diagnosis.
We also examined mortality in CD patients and controls diagnosed specifically with T-or B cell NHL. We restricted these sub-analyses to individuals diagnosed in the 2000 or later in that earlier histopathology SnoMed codes for malignancy may lack in specificity. To consider the overall influence of T-and B cell lymphoma on mortality in CD patients with NHL, we also carried out a stratified analysis allowing for different baseline hazards for T-and B cell lymphoma.
Given that CD is sometimes undiagnosed for many years [34] , there is a risk that some patients diagnosed with CD after LPM actually had CD at the time of LPM diagnosis. In a sub-analysis we therefore examined survival in LPM among patients with CD diagnosed before LPM diagnosis.
Socioeconomic status and education were only available in a subset of individuals (Table 1) , and missing data were fitted as a separate category in the statistical analyses. The proportion of individuals with missing data on these two parameters was greater than in our earlier study on socioeconomic position [35] , which is due to the high average age of study participants in the current study. Data on socioeconomic position originated from occupational data from the Swedish Occupational Register.
HRs were considered statistically significant at p \ 0.05 when 95 % CIs did not include 1. All analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA).
Results
Most study participants were diagnosed with LPM at age 50 years or later ( Table 1 , mean age at LPM diagnosis was 62.7 ± 4.2 years in CD patients vs. 59.5 ± 4.8 in controls). Some 50 % of LPM cases were seen in males (Table 1 ) and half of the cases occurred in 2000 or later. Education and socioeconomic status were similar in CD (Fig. 1) . Crude HRs were similar ( Table 2 ). The excess mortality was only seen in the first year after LPM diagnosis (adjusted HR = 1.76; 95 % CI = 1.31-2.36) (Fig. 1) , with HRs decreasing to 1.09 in years 2-5 after LPM diagnosis and to 0.90 thereafter ( Table 2) . Similar HR patterns were observed for subtypes of LPM (Table 2) . One hundred and fifty-two individuals with CD?NHL and 170 individuals with NHL only died during follow-up. The vast majority of NHL individuals who died did so in the first year after NHL diagnosis (CD 82.9 %; not CD 70.0 %). In comparison with NHL-only individuals, individuals with CD?NHL were at an increased risk of death (adjusted HR = 1.23; 95 % CI = 0.97-1.56). CD individuals with LPM were however at no increased risk of death more than 1 year after LPM diagnosis ( Table 2) .
Because of the small numbers of ''non-NHL'' malignancies, mortality estimates for single subtypes were unstable (Table 2) . Analyzing all non-NHL simultaneously, the overall HR for death in CD individuals with non-NHL LPM was 1.22 (95 % CI = 0.87-1.71), with a non-significantly increased risk in the first 5 years, but not thereafter (Table 2) (Table 3) . This HR represented a two-fold increased risk of death in the first year after LPM, and no excess mortality thereafter (Table 3) . (Table 3) . Only in the first year after NHL diagnosis was this risk increase statistically significant.
CD individuals with any LPM other than NHL (non-NHL) were at a small increased risk of death from ''non-NHL'', but the risk estimate did not attain statistical significance (adjusted HR = 1.24; 95 % CI = 0.82-1.87).
T-and B cell NHL Some 36/88 (40.9 %) CD patients with reliable SnoMed information on NHL subtype had T cell lymphoma, which can be compared with only 9/132 controls (6.8 %).
Restricting our analysis to individuals with available T-and B-NHL data, the HR for death in CD patients was 1.35 (95 % CI 0.88-2.08). Stratifying for subtype (T-or B), the HR decreased to 0.77 (95 % CI = 0.46-1.31), with the main effects showing that individuals with T-NHL were at a higher risk of death than individuals with B cell lymphoma (HR = 3.03; 95 % CI = 1.80-5.11). Additional data given in the appendix show that with stratification for NHL subtype, patients with CD and NHL were at no increased risk of death, even in the first year after NHL diagnosis.
Looking specifically at CD individuals with T cell NHL, these individuals were at increased risk of death compared with controls with T cell NHL. However, because of lack Restricting our analysis to individuals with CD diagnosed before LPM did not influence our risk estimates (''Appendix'').
Death from other causes than LPM CD did not influence the risk of non-LPM death (overall death minus LPM) in individuals with LPM (data not shown).
Discussion
With the exception of a slight excess mortality in the first year after LPM diagnosis in individuals with CD, this study found no evidence that co-existing CD influences survival in individuals with LPM. A similar mortality pattern was noted in individuals with NHL.
The excess risk in the first year after diagnosis was due to a high proportion of T cell lymphoma in patients with CD?NHL; adjusting for subtype (T-or B-), we found that CD patients with NHL had a similar mortality to controls with NHL.
Previous research has shown that CD is associated with an increased relative risk of cancer, and several studies have suggested that individuals with CD [32, [36] [37] [38] [39] [40] (as well as individuals with positive IgA transglutaminase antibodies [41] ) are at increased risk of death from cancer (although exceptions exist [42] ). However, none of these studies explored the role of CD for survival in LPM. We linked data on CD, cancer, and cause of death and were therefore able to show that concurrent CD does not modify the risk of death in individuals with LPM.
Although there was a small excess risk of death in the first year after LPM diagnosis in individuals with CD, the risk decreased after adjustment for confounders, including LPM subtype.
This study has some strengths and limitations. The main strength is the number of individuals with both CD and LPM (n = 316), which allowed us to examine both overall and LPM-specific death. Another strength is our use of regional pathology registers to ascertain VA (equal to CD in this study) [24] . More than 96 % of Swedish pediatricians and gastroenterologists carry out a small intestinal biopsy in at least 9/10 individuals with suspected CD before diagnosis [24] . Hence, biopsy reports have a high sensitivity for diagnosed CD. Evaluating a subset of individuals using patient chart data, we found that VA has a positive predictive value of 95 % for CD [24] , which is higher than having a physician-assigned diagnosis of CD in the Swedish Inpatient Register (88 %) [9] . When two independent researchers manually reviewed more than 1,500 biopsy reports, they found that other diagnoses than CD were very uncommon in individuals with VA (inflammatory bowel disease, IBD, was the most common disorder recorded in biopsy registers but only occurred in 0.3 % of reports) [24] . The histopathology examination was, on average, based on three tissue specimens, which should detect about 95 % of all CD.
Many individuals with CD are never admitted to a hospital (and hence not recorded in the Inpatient Register), and in those admitted to a hospital the admission may be due to non-CD diagnoses and may have taken place years after CD diagnosis. Data on biopsy date instead allowed us to define an exact date of CD diagnosis and identify average individuals with CD and thereby minimizing bias regarding time of diagnosis and disease severity.
Our use of biopsy data, instead of hospital data, to ascertain CD may also explain why we found no increased risk of death in patients with CD?LPM, when others using hospital-based data have found a risk increase in LPM patients with other autoimmune diseases [21, 22] .
The nationwide Swedish Cancer Register was established in 1958 and has virtually complete coverage of malignancies [43] . Approximately 99 % of all malignancies are morphologically verified [43] . Each year, about 50,000 malignancies are first sent to six regional oncological centers where data are coded and recorded. These local centers also perform quality controls before the data are transferred to the Swedish Cancer Register. Access to histopathology data in individuals diagnosed with NHL from 2,000 and up allowed us to consider the distribution of T-and B cell lymphoma in CD patients and controls with NHL. This adjustment was important because it revealed that the small excess mortality seen in CD?NHL individuals was due to a high proportion of T cell NHL.
Patients with CD develop both T-and B cell NHL in a similar way to those without CD [18] . In addition, patients with CD and B cell NHL have a better prognosis than those with T cell NHL [44] , which is similar to the general nonceliac population. The increase in mortality found in those with CD-NHL in our study was due to a higher proportion of T cell lymphoma, most likely enteropathy T cell lymphoma (EATL), the very rare NHL that is specific to CD and that only rarely occurs in non-celiacs [45] . Few patients with EATL respond to therapy [46, 47] .
We did not have access to dietary data in individuals with CD. A validation study of individuals with CD from our dataset found that 17 % of individuals had evidence of poor adherence [24] . Although we cannot rule out that poor dietary adherence affects survival in individuals with CD?LPM, dietary adherence is unlikely to have more than a marginal effect on survival in individuals who have already received their diagnosis of LPM. Beyond 1 year of follow-up, CD did not influence the survival of LPM individuals; in fact, the adjusted HR for death more than 5 years after LPM diagnosis was below 1 (HR = 0.90; 95 % CI = 0.64-1.26). A large proportion of individuals with CD are undiagnosed and therefore we cannot rule out that there are individuals with CD in our reference population. This potential misclassification, however, should not influence our risk estimates because the prevalence of CD in the general population is at most 2-3 % [48, 49] , Finally, despite the large number of individuals with LPM (n = 1,005), we had limited power to examine the influence of CD on the survival of non-NHL LPM. Overall, the relative risk of death in individuals with CD?non-NHL (adjusted HR = 1.22) was very similar to that of CD? NHL (adjusted HR = 1.23). Low statistical power also applies to NHL subtype analyses, and given that the upper 95 % CI levels for e.g. disease-specific death in patients with CD and a subtype of NHL (Table 2 ) reached 1.71 in one analysis, we cannot rule out that CD is associated with a mortality excess risk of this size.
In conclusion, we found no evidence that CD influences survival in individuals with LPM. The increased mortality observed in the first year after LPM diagnosis in CD patients is related to the predominance of T-NHL in that population, but due to limited statistical power we cannot rule out some excess mortality in celiac patients with certain LPM subtypes. 
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